The cycloaddition reaction of 6-pentyl-3,4,5,6-tetrahydropyridine 1-oxide with butyl vinyl ether was used as a key step in the short stereoselective racemic synthesis of ladybird beetle alkaloid, 2-epicalvine. The cycloadduct was subjected to quaternization with 2-bromoethanol, followed by ring opening and lactonization to afford the natural product in a one-pot reaction.
Two total syntheses leading to racemic calvine (1) and 2-epicalvine (2) have so far appeared in the literature [2, 3] ; these nonstereoselective syntheses lead to a mixture of both alkaloids. A few other enantioselective total [4, 5] and formal [6, 7] syntheses leading to (+)-calvine and (+)-2-epicalvine have been reported. None of these syntheses led to the exclusive formation of the trans-lactone (2) .
Herein, we report a concise stereoselective racemic synthesis of the alkaloid 2-epicalvine (2) via nitrone cycloaddition reaction as a key step. 1,3-Dipolar cycloaddition reactions of nitrones with alkenes have become an important tool in the synthesis of natural products [8] . The efficacy of these additions lies in the remarkable selectivity in the incorporation of multiple stereocenters in a single step [8, 9] . Cyclic nitrones have been shown to exhibit a greater stereoselectivity and reactivity compared with their acyclic counterparts [10, 11] . Pyrrolidine-and piperidine-based alkaloids, which are widespread in nature, can be accessed through the cycloaddition reaction of five-and sixmembered cyclic nitrones, respectively [8]. The synthesis of nitrone 5 required for the cycloaddition reaction is outlined in Scheme 1. Formation of regioisomers during the generation of 6-substituted-3,4,5,6tetrahydropyridine 1-oxide, like 5, has been a long standing problem [12, 13] . The oxidation of 2-alkyl-Nhydroxypiperidines, 2-alkyl-N-hydroxypyrrolidines and acyclic N-hydroxylamines preferentially lead to the more substituted nitrones like 6. Our repeated attempts to generate nitrone (5) by mercury(II) oxide oxidation of 2-pentyl-N-hydroxypiperidine (4) resulted in a 29:71 mixture of 5 and 6 in almost quantitative yield (Scheme 1). The regioselectivity was very similar when the oxidation process was carried out with either p-benzoquinone [13c] or MnO 2 [13d] .
Attempts to enhance the abstraction of the C(6)H in 5-A by carrying out the oxidation with either mercury(II) oxide or p-benzoquinone in CH 2 Cl 2 in the presence of 1 equivalent of a bulky base such as Et 3 N or in t-butanol as the solvent did not improve the ratio in favor of the desired aldonitrone (5). In a recent article, the oxidation of the secondary amine 2-methylpiperidine with H 2 O 2 catalyzed by Pt(II) complexes has been reported to give the less substituted aldonitrone in a predominant way [14] . However, the regiochemical problem is partially solved by recycling the ketonitrone (6) to aldonitrone (5) via NaBH 4 reduction, followed by mercury (II) oxide oxidation (Scheme 1).
A non-separable mixture of nitrones 5 and 6 underwent cycloaddition with butyl vinyl ether at 50°C in a faceselective manner to give a mixture of stereoisomers (7a and 7b) in 92 % yield (based on 5) and in a 85:15 ratio. Substituents at C(6) in cyclic, six-membered nitrones are known to force alkenes to approach exclusively from the sterically favorable face, that opposite to the C-6 substituent (Scheme 2) [12]. A similar stereoselectivity is documented in the cycloaddition of 5-or 6-membered cyclic nitrones with ethyl vinyl ether [10a,15] . The trans-stereochemistry of the substituents at C(3a) and C (7) in either 7a or 7b is assured by the subsequent transformation of the cycloadducts to 2-epicalvine (2) . In a one-pot reaction, quaternization of adduct 7a with 2-bromoethanol to 8, followed by bromide-catalyzed ring opening [16] to 9 and lactonization, afforded the natural product 2-epicalvine (2) in 46% yield, together with the uncyclised hydroxyl ester 9 (26% yield). Likewise, the adduct 7b was also converted into 2-epicalvine (2) under the same conditions, thereby confirming the trans relationship of the substituents. However, when the above lactonization was repeated using 7a in refluxing toluene instead of benzene, a mixture of 1 and 2 was obtained in a respective ratio of 1:2 (56% yield), along with uncyclised alcohol 9 (11%).
At the higher reflux temperature of toluene, an epimerization took place via a retro-Michael/Michael sequence involving the β-amino ester moiety [2] . In a separate experiment, the intermediate 9 was isolated and converted into 2-epicalvine (2) by acid-catalyzed lactonization. The identity of the intermediate 9 was confirmed by its conversion to the known methyl ester 10 (Scheme 2) [2] . The methodology described above can be applied to elaborate piperidine moieties, which are widespread in nature. Also, note that this is the first stereoselective synthesis of 2, all previously reported syntheses giving mixtures of 1 and 2.
Experimental
General: Elemental analysis was carried out on a Perkin Elmer Elemental Analyzer Series 11 Model 2400. IR spectra were recorded on a Perkin Elmer 16F PC FTIR spectrometer. 1 H and 13 C NMR spectra were measured in CDCl 3 using TMS as internal standard on a JEOL LA 500 MHz spectrometer. The multiplicities of the 13 C chemical shifts were assigned on the basis of DEPT experimental results. MS were recorded on a GC/MS system (Agilent Technologies, 6890N).
Synthesis of (±)-2-epicalvine (2):
A mixture of hydroxylamine (4) [17] (3.77 g, 22 mmol) in CH 2 Cl 2 (75 mL) with HgO as oxidant (13 g, 60 mmol) was stirred at 0-10°C for either 4 h or until the TLC experiment (silica, Et 2 O) indicated the completion of the reaction. After filtering the reaction mixture through a pad of MgSO 4 , a 29:71 mixture of nitrones (5 and 6) was obtained. The solution of these 2 chromatographically non-separable mixture of nitrones (5 and 6) was treated with butyl vinyl ether (15 mL) and heated overnight in a closed vessel at 55ºC. Chromatography on silica gel using 9:1 n-hexane /diethylether as eluant gave the minor isomer 7b [18] (40 mg, 0.15 mmol) as a colorless liquid. Continued elution gave a mixture of the two adducts 7a and 7b (650 mg, 2.41 mmol) and then the major adduct 7a [18] as a colorless liquid (900 mg, 3.34 mmol). The total isolated yield of adducts 7a and 7b was found to be 27%, 92% based on nitrone 5. Continued elution with 1:1 diethylether/methanol gave the ketonitrone 6 (2.50 g, 14.8 mmol, 67%) [19] . refluxed for a further 24 h. After removal of benzene, the reaction mixture was diluted with CH 2 Cl 2 (40 mL), and the organic layer was washed with 5% K 2 CO 3 solution (15 mL). The aqueous layer was re-extracted with CH 2 Cl 2 (15 mL) . The combined organic layers were dried, concentrated, and the residual liquid was chromatographed over silica using 9:1 diethylether/ nhexane to give the uncyclised alcohol 9 [20] as a colorless liquid (160 mg, 0.51 mmol, 26%). Continued elution with 95:5 diethylether/methanol, saturated with NH 3 , gave (±)-2-epicalvine (2) [21] (220 mg, 0.92 mmol, 46%).
